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Optimizing Sowing Time and Spacing for Enhanced Seed Yield and Yield Traits in BJRI Deshi Pat Shak 1 (BJC-390)	Comment by HP: Write the name of crop along with scientific name in title. 


Abstract	Comment by HP: Mention clearly at first whether field or pot experiment was conducted;
Write the name of crop along with scientific name in title.
An experiment was conducted at two locations- Jute Agriculture Experimental Station, Manikganj, and Jute Research Regional Station, Rangpur during 2024-25 to evaluate the effect of sowing dates and spacing on the seed yield and yield components of BJRI Deshi Pat Shak-1 (BJC-390). The treatments comprised three sowing dates (1 August, 11 August, and 22 August) and three spacing levels (30 cm × 20 cm, 35 cm × 20 cm, and 40 cm × 20 cm), arranged in a randomized complete block design (RCBD) with three replications. Results revealed that 11 August sowing at 30 cm × 20 cm spacing produced the highest seed yield (630 kg ha⁻¹) at Rangpur, associated with the highest pod and seed numbers per plant. In contrast, the lowest seed yield (400 kg ha⁻¹) was observed in the 22 August sowing with 40 cm × 20 cm spacing. In Manikganj, spacing and sowing dates had less pronounced effects on yield, although wider spacing (40 cm × 20 cm) combined with early sowing showed relatively higher productivity. The findings suggest that mid-August sowing combined with closer spacing is optimal for maximizing seed yield of BJRI Deshi Pat Shak-1, particularly in Rangpur agroecological conditions.
	Comment by HP: Optimum. 
1. Introduction
Jute (Corchorus sp.) is not only recognized for its fibre but is also consumed as a leafy vegetable in many parts of the world. The leaves of the two cultivated species, Corchorus olitorius L. and Corchorus capsularis L., are used as vegetables (Kumar et al., 2018), primarily as a by-product of thinning jute fields at the seedling stage (Islam et al., 2019). The plant parts are palatable and nutritionally rich, containing considerable amounts of lipids, protein, crude fibre, carbohydrates, and vitamins A, C, and E, along with essential minerals such as calcium, sodium, potassium, phosphorus, and iron (Islam et al., 2017; Tareq et al., 2024; Sarkar et al., 2013; Hossain et al., 2001). Because leafy vegetables are scarce during early summer in Bangladesh, jute can play a vital role as a supplementary vegetable source during this period, contributing to household nutrition and food security (BBS, 2024; BJRI, 2023).

Bangladesh is the second-largest producer of jute in the world, where approximately 0.8 million hectares are under jute cultivation, engaging 3.5–4.0 million farmers annually (BBS, 2024). To cultivate that area, about 5,000–5,500 tons of seed are required each year. One of the most critical constraints in jute production is the unavailability of quality seed at the optimal sowing time (Islam et al., 2019; Alam et al., 2019). Only 15–20% of the total demand for quality seed is supplied by institutional sources, mainly through the Bangladesh Agricultural Development Corporation (BADC), while the remainder is produced and managed by farmers themselves (BJRI, 2023). Additionally, around 5,000 tons of jute seed are imported annually from India to supplement domestic shortages (Sarkar et al., 2007).

Despite these constraints, Bangladesh’s average fibre yield has increased from 1.59 to 2.04 t ha⁻¹ due to the adoption of high-yielding varieties and improved agronomic practices (BBS, 2024). However, yield improvement in seed production has been relatively modest compared to fibre yield (Ansari et al., 2013; Ansari et al., 2018). The Bangladesh Jute Research Institute (BJRI) has developed several high-yielding varieties for both fibre and vegetable purposes, including BJRI Deshi Pat Shak-1 (BJC-390), which is characterized by broad, green, non-bitter leaves with high nutritional value (BJRI, 2023; Mia, 2021).

Seed production in jute is highly sensitive to environmental and agronomic factors such as sowing time, plant spacing, temperature, and rainfall distribution (An et al., 2020; Gosh et al., 2013). Sowing time has been reported to significantly influence flowering, pod formation, and seed yield in C. capsularis and C. olitorius (Sarkar et al., 2013; Islam et al., 2017). Early or late sowing often results in poor seed setting or low germination due to unfavorable climatic conditions, while optimal sowing dates ensure better synchronization between vegetative and reproductive phases (Kumar et al., 2018; Mia, 2021). Similarly, plant spacing plays a vital role in determining plant architecture, light interception, and nutrient utilization efficiency, all of which ultimately affect seed yield (Zhao et al., 2020; Tareq et al., 2019). Closer spacing generally promotes higher plant populations and total yield per area, whereas wider spacing allows for better branching and pod development per plant (Zhao et al., 2020; Yan et al., 2016).

Recent studies have highlighted that the interactive effects of sowing date and spacing are crucial for maximizing jute seed yield under varying agro-ecological conditions (Islam et al., 2019; Ghosh et al., 2013; Biswas et al., 2018). Environmental variability, particularly rainfall and temperature fluctuations linked to climate change, further complicates seed production and necessitates location-specific management strategies (Islam, 2017; Hossain et al., 2022; BJRI, 2023). The need for optimizing these agronomic parameters has become even more critical in the context of climate variability affecting crop phenology and yield stability (Furumuto et al., 2002; Hossen et al., 2022).
Although several studies have been conducted on the fibre yield of jute under different management practices (Natesh et al., 2017; Musa, 2012), information on seed yield optimization, particularly for the vegetable-type jute variety BJRI Deshi Pat Shak-1, is limited. Understanding how sowing date and plant spacing interact to influence seed yield and its components across varying environments is essential for improving jute seed self-sufficiency in Bangladesh (Soltys-Kalina et al., 2016; Matyas, 2004).

Therefore, the present study was undertaken to determine the optimum sowing date and spacing for maximizing the seed yield and yield attributes of BJRI Deshi Pat Shak-1 (BJC-390) under two agro-ecological regions of Bangladesh—Manikganj and Rangpur. The findings of this study are expected to contribute valuable insights toward the development of location-specific agronomic recommendations for quality jute seed production and the overall sustainability of jute-based cropping systems.
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2.1 Experimental Sites and Climate
The field experiment was conducted during the 2024–2025 cropping season at two locations: the Jute Agriculture Experimental Station (JAES), Manikganj and the Jute Research Regional Station (JRRS), Rangpur, under the Bangladesh Jute Research Institute (BJRI). These sites represent two distinct agro-ecological zones of Bangladesh. Manikganj is characterized by medium-high land with silty loam soil, while Rangpur represents the northern floodplain with sandy loam texture and relatively lower organic matter content.
The climate of both regions is subtropical, with hot and humid summers followed by a monsoon period extending from June to September. Meteorological data for the cropping period were collected from nearby weather stations, indicating that the mean daily temperature ranged from 26–33°C, and total rainfall during the experiment was about 1,500–1,700 mm, concentrated mainly in July–September. Such climatic conditions are generally favorable for jute growth and seed set (Choudhary et al., 2013; Ansari et al., 2013).

2.2 Experimental Design and Treatments
The objective of the study was to determine the optimal sowing date and plant spacing for maximizing seed yield of BJRI Deshi Pat Shak-1 (BJC-390). The experiment followed a randomized complete block design (RCBD) with three replications. Treatments consisted of a factorial combination of three sowing dates and three spacing levels as follows:

Sowing dates: 1 August (D₁), 11 August (D₂), and 22 August (D₃)

Spacing: 30 cm × 20 cm (S₁), 35 cm × 20 cm (S₂), and 40 cm × 20 cm (S₃)

Each experimental plot measured 4.0 m × 2.5 m, maintaining a 1.0 m buffer between plots and 1.5 m between replications to minimize inter-plot interference. The sowing dates were selected based on previous agronomic recommendations for late-season jute seed production (Agrawal, 2004; Butnariu and Butu, 2014). Seeds were directly sown by hand at the designated spacing in moist soil.

2.3 Crop Management Practices
Standard agronomic practices were maintained uniformly across treatments following BJRI guidelines for jute seed production (BJRI, 2023). Pre-sowing land preparation involved three successive ploughings and laddering to ensure a fine tilth. Seeds were treated with Vitavax-200 @ 2 g kg⁻¹ before sowing to prevent seed-borne diseases.
Fertilizers were applied at the rate of 60–25–30–20 kg ha⁻¹ of N–P–K–S, respectively, using urea, triple superphosphate, muriate of potash, and gypsum as sources. Half of the nitrogen and the full dose of other fertilizers were incorporated at the final land preparation, while the remaining nitrogen was top-dressed 30 days after emergence. Intercultural operations such as weeding, thinning, and irrigation were performed as needed to ensure uniform crop growth and minimize competition from weeds and other stresses. Insect and disease control measures were undertaken when necessary.

2.4 Data Collection and Recorded Parameters
Data were recorded from ten randomly selected plants per plot, avoiding border rows, to ensure accuracy and representativeness. The following parameters were measured:

Plant population (m⁻²): Counted from a fixed quadrat area before harvest.

Number of branches per plant: Average of selected sample plants.

Number of pods per plant: Counted manually from mature plants.

Number of seeds per pod: Determined from a random sample of ten pods per plant.

1000-seed weight (g): Measured using an electronic balance after sun-drying to a uniform moisture level (~12%).

Seed yield (kg ha⁻¹): Calculated from harvested seed weight, adjusted to standard moisture content.

All measurements followed standard seed production protocols described by BJRI (2023) and related jute research methodologies (Hossen et al., 2022; Furumuto et al., 2002).

2.5 Statistical Analysis
Collected data were subjected to analysis of variance (ANOVA) using a two-factor factorial model in RCBD to test the effects of sowing date, spacing, and their interaction. Means were compared using Least Significant Difference (LSD) at a 5% level of probability (P ≤ 0.05). Statistical analyses were performed using R (version 4.3.2) software, and results were interpreted following the guidelines of Gomez and Gomez (1984) as adapted for agronomic experiments.
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3.1 Effect of Sowing Date on Seed Yield and Its Components
The results presented in Table 1. show that The sowing date had a significant influence on the seed yield and yield attributes of BJRI Deshi Pat Shak-1 (BJC-390) at Rangpur, whereas its effects were comparatively less pronounced at Manikganj (Table 1). At Rangpur, sowing on 11 August (D₂) recorded the highest seed yield (580 kg ha⁻¹), accompanied by the highest number of branches per plant (3.65), pods per plant (25), and seeds per pod (48.05). This suggests that mid-August sowing provided favorable environmental conditions for reproductive development and pod filling. Early sowing (1 August) produced a moderate yield of 480 kg ha⁻¹, while delayed sowing on 22 August (D₃) significantly reduced seed yield (400 kg ha⁻¹) along with decreases in the number of pods per plant and seeds per pod.
The superior performance of the 11 August sowing may be attributed to better synchronization between vegetative and reproductive growth phases and optimal temperature and rainfall patterns during flowering and seed set. According to Dansi et al. (2008), jute seed yield is highly dependent on climatic conditions prevailing during the reproductive period, particularly temperature and rainfall distribution. Similarly, Ghosh et al. (2013) reported that deviations from the optimal temperature range (28–32°C) during flowering can reduce seed set and pod filling efficiency. In this study, early August sowing likely enabled the plants to avoid excessive late-season rainfall, which often causes flower shedding and poor seed development in northern Bangladesh (Islam et al., 2019).
The results corroborate findings by Hossain et al. (2021) and Cox et al. (1986), who also observed that intermediate sowing dates in early to mid-August produced higher seed yields in C. olitorius and C. capsularis compared to earlier or delayed sowing. The enhanced performance of mid-August sowing could also be linked to improved light interception and photosynthate accumulation during pod formation, leading to higher numbers of seeds per pod and greater seed yield (Johansen et al., 1985; Mudher et al., 2020).
In contrast, at Manikganj, the effect of sowing date on seed yield and most yield components was statistically non-significant. Seed yields ranged from 659 to 735 kg ha⁻¹ across treatments, indicating that environmental conditions at this site were more stable during the reproductive phase. However, the number of pods per plant was significantly reduced (37.63) under late sowing (22 August), indicating partial sensitivity to delayed planting. This pattern suggests that in more humid and stable environments such as Manikganj, sowing date may have a limited effect on final seed yield, provided that crops are sown within a reasonably suitable time window (BJRI, 2023; Hossain et al., 2021).
The overall higher yield levels observed in Manikganj compared to Rangpur may be due to more favorable soil fertility and moisture conditions that mitigated the negative impacts of delayed sowing. Similar site-specific responses were also reported by Krzepiłko et al. (2019) and Odhav et al., (2007), who found that regional climatic and soil variability strongly influence the response of jute seed crops to management practices.
The stability of 1000-seed weight across sowing dates and locations indicates that seed size is a relatively stable varietal trait, less affected by moderate variations in planting time (Islam et al., 2019; Smith, 1984). These findings collectively demonstrate that mid-August sowing (around 11 August) provides the most favorable balance between vegetative growth and reproductive success, particularly under the climatic conditions of northern Bangladesh.
Overall, the results highlight the importance of optimizing sowing date for maximizing jute seed yield. Timely sowing allows plants to utilize the optimal range of temperature and moisture for reproductive development, thereby ensuring higher pod and seed production per plant. In line with previous studies (Islam et al., 2017; Hossain et al., 2021; Mia, 2021), the current findings reinforce that environment-specific management—particularly sowing at the appropriate phenological window—is a key determinant of successful jute seed production in Bangladesh.
Table 1: Effect of sowing date on seed yield and yield components in Rangpur and Manikganj
	Locations
	[bookmark: _Hlk164588310]Treatment
	PP(m-2)
	No. of branch plant-1
	No. of pods
plant-1
	No. of seeds pod -1
	1000 SW (g)
	Seed yield (kgha-1)

	Rangpur
	1 August
	31.67a
	3.22ab
	22b
	35.31b
	2.07a
	480ab

	
	11 August
	31.33ab
	3.65a
	25a
	48.05a
	2.00a
	580a

	
	22 August
	29.00b
	2.96ab
	19bbc
	40ab
	1.96a
	400b

	
	LSD(0.05)
	9.25
	0.35
	3.20
	3.20
	NS
	2.12

	
	% CV
	5.82
	8.05
	7.50
	7.56
	4.24
	9.08

	[bookmark: _Hlk198642605]Manikganj
	1 August
	31.06a
	3.60a
	43.55a
	33.71a
	2.07a
	659a

	
	11 August
	31.53a
	2.95b
	46.35a
	34.02a
	2.20a
	695a

	
	22 August
	30.68a
	2.77b
	37.63b
	30.68a
	2.24a
	735a

	
	LSD(0.05)
	NS
	0.35
	3.20
	NS
	NS
	NS

	
	% CV
	5.45
	11.55
	7.53
	10.88
	17.26
	12.05


Values with dissimilar letters are significantly different at P<0.05

3.2 Effect of Plant Spacing on Seed Yield and Its Components
The data in Table 2. show that plant spacing had a notable influence on seed yield and yield-contributing traits of BJRI Deshi Pat Shak-1 (BJC-390) at Rangpur, whereas its effects were less pronounced at Manikganj. At Rangpur, the closest spacing (30 cm × 20 cm, S₁) produced the highest plant population (32.33 m⁻²) and the highest seed yield (600 kg ha⁻¹), along with superior numbers of pods per plant (23) and seeds per pod (46.5). In contrast, as spacing widened from 35 cm × 20 cm (S₂) to 40 cm × 20 cm (S₃), there was a gradual decline in plant population and yield, with the lowest seed yield (470 kg ha⁻¹) recorded at S₃. The number of branches per plant increased slightly with wider spacing, suggesting that individual plants under low density had greater vegetative freedom but lower total yield per unit area.
This inverse relationship between plant spacing and yield per area aligns with the findings of Hossain et al. (2021) and Zhang et al., (2019), who reported that higher plant densities in jute seed crops resulted in greater total yield per hectare, despite a reduction in yield per plant. Narrower spacing enhances plant population and canopy coverage, promoting efficient interception of sunlight and more effective utilization of soil nutrients and moisture (Kumar et al., 2018; Islam et al., 2017). However, excessive crowding can also suppress branching and reduce pod development due to competition for resources. In this experiment, the 30 cm × 20 cm spacing provided an optimum balance between plant density and individual plant growth, leading to improved overall yield.
The increase in branch number per plant at the widest spacing (S₃) is consistent with earlier observations by Zhao et al. (2020) and Yassin (1973), who noted that wider spacing reduces competition and allows better lateral expansion and branching, although this does not necessarily translate into higher yield per unit area. The lower number of pods per plant and seeds per pod at wider spacing in Rangpur indicates that while plants grew larger, the total reproductive efficiency was reduced due to underutilization of available space.
At Manikganj, plant spacing did not significantly affect plant population, 1000-seed weight, or overall seed yield, with yields ranging from 650 to 730 kg ha⁻¹ across treatments. This suggests that the environmental conditions in Manikganj—particularly soil fertility, moisture retention, and microclimate stability—may have buffered the effects of spacing on seed yield. Nevertheless, the number of pods per plant was significantly reduced under the widest spacing (S₃), implying that the potential benefit of increased branching was offset by reduced reproductive output. Similar location-specific responses were reported by Tareq et al. (2019) and Yan et al. (2016), who found that the influence of spacing on jute seed yield varies across agro-ecological zones depending on rainfall distribution and soil characteristics.
The 1000-seed weight remained statistically unchanged across all spacing treatments and locations, indicating that seed size is predominantly a varietal trait and less responsive to plant density, as also noted by Islam et al. (2019) and BJRI (2023). This stability of seed weight across treatments is beneficial for maintaining quality seed standards, even when plant density is adjusted to optimize yield.
Overall, the results demonstrate that closer spacing (30 cm × 20 cm) was most effective in enhancing seed yield of BJRI Deshi Pat Shak-1 under Rangpur conditions, primarily due to higher plant population and improved reproductive efficiency. In contrast, under the more favorable conditions of Manikganj, spacing exerted a weaker influence on yield. These findings support the need for location-specific spacing recommendations, where higher density is preferred in relatively dry northern regions, while moderate spacing can be sufficient in more fertile and humid southern locations.
The present results confirm earlier conclusions by Hossain et al. (2021) and Dansi et al. (2008) that optimizing plant density is a critical management factor for maximizing jute seed yield. This ensures better land use efficiency without compromising individual plant performance, ultimately improving both productivity and seed quality across different agro-ecological zones.
Table 2: Effect of sowing date on seed yield and yield components in Rangpur
	Location
	[bookmark: _Hlk164588534]Treatment
	Plant Popu lation (m-2)
	Branch plant-1
	No. of pods
plant-1
	No. of seeds pod -1
	1000 SW (g)
	Seed yield
(kgha-1)

	Rangpur
	S1
	32.33a
	3.55a
	23a
	46.50a
	2.00a
	600a

	
	S2
	30.33b
	3.92a
	21ab
	43.27a
	2.09a
	530ab

	
	S3
	29.33c
	4.00b
	18b
	37.60b
	2.11a
	470ab

	
	LSD(0.05)
	9.25
	0.35
	3.20
	3.20
	NS
	2.12

	
	% CV
	5.82
	8.05
	7.50
	7.56
	4.24
	9.08

	[bookmark: _Hlk164758662]Manikganj
	S1
	31.06a
	3.59a
	43.55a
	33.71a
	2.07a
	650a

	
	S2
	31.53a
	2.96b
	46.35a
	34.02a
	2.19a
	690a

	
	S3
	30.68a
	2.77b
	37.63b
	30.68a
	2.24a
	730a

	
	LSD(0.05)
	NS
	0.35
	3.20
	NS
	NS
	NS

	
	% CV
	5.45
	11.55
	7.53
	10.88
	17.26
	17.26


Values with dissimilar letters are significantly different at P<0.05
Legends: S1 = 30cm × 20cm, S2 = 35cm × 20cm, S3 = 40cm × 20cm
3.3 Interaction Effect of Sowing Date and Spacing on Seed Yield and Its Components at Rangpur
The combined effects of sowing date and spacing on seed yield and yield components of BJRI Deshi Pat Shak-1 (BJC-390) at Rangpur are presented in Table 3. The results clearly indicate a significant interaction between sowing date and plant spacing, where both factors jointly influenced the yield and its attributes.
The D₂S₁ treatment (11 August sowing × 30 cm × 20 cm spacing) produced the highest seed yield (630 kg ha⁻¹), along with the highest plant population (34 m⁻²), number of pods per plant (27), and number of seeds per pod (52). This treatment outperformed all other combinations, signifying that moderate sowing time (11 August) combined with close spacing optimizes both plant density and reproductive development. In contrast, the D₃S₃ treatment (22 August × 40 cm × 20 cm) recorded the lowest seed yield (400 kg ha⁻¹) with the smallest number of pods (19) and seeds per pod (31). These results suggest that late sowing coupled with wider spacing negatively affected reproductive efficiency and overall yield potential.
The superiority of D₂S₁ can be attributed to favorable climatic conditions during reproductive growth and the higher photosynthetic efficiency associated with optimal plant density. Similar findings were reported by Hossain et al. (2021) and Ghosh et al. (2013), who observed that moderate sowing dates coupled with narrower spacing promoted maximum jute seed yield through balanced canopy structure and increased light interception. The mid-August sowing allowed plants to avoid both early-season drought and late-season excess rainfall, conditions often detrimental to pod development in northern Bangladesh (Kumar et al., 2018; Natesh et al., 2017).
The gradual decline in yield with delayed sowing (D₃) can be explained by reduced plant vigor and shortened reproductive duration, leading to fewer pods and seeds per pod. As noted by Mudher et al. (2020) and Smith et al. (1984), temperature fluctuations and declining photoperiods in late August adversely affect flowering synchronization and seed set in Corchorus species. Similarly, wider spacing (S₃) decreased total yield despite a slight increase in branching, as the lower plant density reduced the total number of pods per unit area (Yassin, 1973; Islam et al., 2017).
Interestingly, the number of branches per plant tended to increase under wider spacing, reaching 4.0 at D₁S₃, which is consistent with findings by Tareq et al. (2019) and Biswas et al. (2018) that plants grown under low density allocate more resources to vegetative branching rather than reproductive development. However, this did not translate into higher yield per hectare, as the reduced number of plants offset the potential gain from increased individual plant size. The 1000-seed weight remained statistically similar (1.95–2.12 g) across treatments, confirming that seed size is largely a genetic characteristic of the variety and relatively insensitive to moderate changes in planting date or spacing (Islam et al., 2019; BJRI, 2023).
The significant positive response observed in D₂S₁ supports the conclusion that the combination of mid-August sowing and closer spacing (30 cm × 20 cm) provides an ideal environment for seed production of BJRI Deshi Pat Shak-1 in the northern agro-ecological zone. The improved plant population density ensures optimal canopy closure and resource utilization, while favorable climatic conditions enhance reproductive success. These findings are in agreement with Alam et al. (2024) and Choudhary et al. (2013), who reported similar interactions between sowing time and plant spacing in optimizing jute seed productivity across varying environments in Bangladesh.
Overall, this study demonstrates that the interaction between sowing date and spacing plays a decisive role in maximizing seed yield, and that adopting a mid-August sowing schedule with closer spacing can substantially improve productivity under Rangpur conditions. The results also emphasize that climatic adaptation of agronomic practices is crucial for maintaining yield stability and achieving national self-sufficiency in jute seed production.
Table 3: Effect of sowing date & spacing on seed yield & yield components at Rangpur
	Treatment
	PP (m-2)
	No. of branch plant-1
	No. of pods
plant-1
	No. of seeds pod -1
	1000 SW (g)
	Seed yield (kgha-1)

	D1 × S1
	33.0a
	3.30abc
	24b
	46.08ab
	1.95a
	580ab

	D1 × S2
	32.0ab
	3.03bcd
	23bc
	38.08c
	2.09a
	510b

	D1 × S3
	30.0b
	2.56d
	21c
	38.00c
	2.12a
	480bc

	D2 × S1
	34.0a
	3.76a
	27a
	51.52a
	2.00a
	630a

	D2 × S2
	30.0cd
	3.06bcd
	25b
	49.01ab
	2.01a
	540ab

	D2 × S3
	30.0b
	2.83cd
	21c
	41.05b
	2.09a
	510ab

	D3 × S1
	30.0b
	3.56ab
	22bc
	47.21ab
	2.02a
	520ab

	D3 × S2
	29.0c
	2.66d
	20cd
	33.96cd
	2.00a
	450bc

	D3 × S3
	28.0d
	2.80cd
	19d
	30.90d
	1.98a
	400c

	LSD(0.05)
	9.25
	0.35
	3.20
	3.20
	NS
	2.12

	% CV
	5.82
	8.05
	7.50
	7.56
	4.24
	9.08


Values with dissimilar letters are significantly different at P<0.05
Legends: D1 = 1 August, D2 = 11 August, D3 = 22 August, S1 = 30cm × 20cm, S2 = 35cm × 20cm, S3 = 40cm × 20cm
3.4 Interaction Effect of Sowing Date and Spacing on Seed Yield and Its Components at Manikganj
The combined effects of sowing date and plant spacing on seed yield and its associated traits of BJRI Deshi Pat Shak-1 (BJC-390) at Manikganj are presented in Table 4. The results reveal that both sowing time and spacing interacted significantly to influence seed yield and its components under the prevailing agro-climatic conditions of Manikganj.
The highest seed yield (940 kg ha⁻¹) was recorded in the D₁S₃ treatment (1 August sowing × 40 cm × 20 cm spacing), which also had relatively fewer branches per plant (2.60) and pods per plant (30.95). This suggests that wider spacing may have facilitated better individual plant growth and improved seed filling due to reduced intra-plant competition. In contrast, the lowest yield (505 kg ha⁻¹) was observed in the D₁S₃ treatment (30 cm × 20 cm spacing with the latest sowing date), despite its higher number of pods per plant (48.88) and seeds per pod (37.62). This combination likely suffered from late planting stress coupled with high plant density, which restricted photosynthate allocation to developing pods and seeds.
The overall pattern indicates that early sowing (1 August) was advantageous for seed production at Manikganj, particularly when combined with wider spacing. Early-sown plants likely experienced favorable environmental conditions—adequate soil moisture and moderate temperature—during flowering and seed development, which enhanced assimilate accumulation and seed weight. Similar trends were reported by Hossain et al. (2021) and Iseri et al. (2013), who found that early sowing enhances reproductive success in Corchorus by synchronizing flowering with optimum climatic conditions.
The advantage of wider spacing in early sowing treatments (S₃D₁) could also be attributed to improved light interception, root expansion, and reduced competition for nutrients (Mia, 2021; Matyas, 2004). These conditions favor better pod and seed filling per plant, even though the total number of plants per unit area is lower. Conversely, under delayed sowing (D₃), lower temperatures and shorter photoperiods during the reproductive phase may have constrained growth duration, leading to smaller plants with reduced seed-setting efficiency (Cox et al., 1986; Butnariu and Butu, 2014).
Interestingly, the D₂S₃ (11 August × 40 cm × 20 cm) and D₃S₃ (22 August × 40 cm × 20 cm) treatments recorded relatively higher 1000-seed weights (2.44 and 2.82 g, respectively), indicating that wider spacing enhanced individual seed size through reduced intra-plant competition for resources. Such improvement in seed weight under low plant density has also been noted by Islam et al. (2019) and Biswas et al.  (2018) in jute seed crops. However, since total yield depends on both plant number and seed weight, wider spacing alone cannot ensure high productivity unless supported by timely sowing (Butnariu and Butu, 2014).
The observed increase in pod number and seed per pod at intermediate spacings (e.g., D₂S₂ and D₂S₃) suggests that moderate plant density (35–40 cm × 20 cm) may provide a balance between individual plant development and population-level yield. This agrees with Zhao et al. (2020) and BJRI (2023), who emphasized the need for optimizing both spacing and sowing time to achieve consistent seed yield across varying environments.
In general, the yield pattern at Manikganj differed from Rangpur (Table 5), where closer spacing performed better. This indicates a strong location × management interaction, as soil fertility, water retention capacity, and microclimatic conditions differ between sites. The more fertile and moisture-retentive soil of Manikganj likely favored wider spacing, allowing plants to exploit available resources efficiently. Similar regional differences in spacing response were highlighted by Tareq et al. (2024) and Alam et al. (2019), underscoring the importance of site-specific agronomic recommendations for jute seed production.
The stability of 1000-seed weight across most treatments indicates that seed size in BJRI Deshi Pat Shak-1 is a genetically stable attribute, though minor enhancement under wider spacing suggests greater assimilate partitioning per seed when competition is low (Islam et al., 2019). Overall, the interaction results indicate that early sowing (1 August) combined with wider spacing (40 cm × 20 cm) is most suitable for maximizing seed yield in Manikganj conditions, where environmental factors such as temperature, humidity, and soil fertility differ from those in northern regions.
Table 4: Effect of sowing date & spacing on seed yield & yield components at Manikganj
	Treatment
	PP(m-2)
	No. of branch plant-1
	No. of pods
plant-1
	No. of seeds pod -1
	1000 SW (g)
	Seed yield (kgha-1)

	D1 × S1
	33.20a
	3.35abc
	34.02cd
	29.60bc
	2.00ab
	920a

	D1 × S2
	30.46bc
	3.79a
	47.75ab
	33.91ab
	2.10ab
	556c

	D1 × S3
	29.53c
	3.63ab
	48.88ab
	37.62a
	2.13ab
	505c

	D2 × S1
	33.46a
	3.07bcd
	38.27c
	33.27abc
	1.69b
	823ab

	D2 × S2
	31.13b
	3.11bcd
	49.25ab
	32.83abc
	2.44ab
	646bc

	D2 × S3
	30.00bc
	2.70d
	51.55a
	35.97a
	2.44ab
	615bc

	D3 × S1
	30.80bc
	2.60d
	30.95d
	27.38c
	1.68b
	940a

	D3 × S2
	30.63bc
	2.88cd
	38.11c
	31.71abc
	2.22ab
	650bc

	D3 × S3
	30.60bc
	2.83cd
	43.83b
	32.95abc
	2.82a
	621bc

	LSD(0.05)
	15.21
	0.62
	5.54
	6.18
	0.83
	0.20

	% CV
	5.45
	11.55
	7.53
	10.88
	22.12
	17.26


Values with dissimilar letters are significantly different at P<0.05
Legends: D1 = 1 August, D2 = 11 August, D3 = 22 August, S1 = 30cm × 20cm, S2 = 35cm × 20cm, S3 = 40cm × 20cm
4. Conclusion	Comment by HP: Write only significant finding and no need to give any justification/ explanation for result.  Do needful correction. 
The study indicated that sowing BJRI Deshi Pat Shak-1 sown on 11 August at a spacing of 30 cm × 20 cm (D2S1) produced the highest seed yield (630 kg ha⁻¹) under Rangpur conditions. This treatment was associated with favorable yield attributes including higher pod and seed numbers. Conversely, the lowest seed yield (400 kg ha⁻¹) was observed under delayed sowing (22nd August) combined with wider spacing (40 cm × 20 cm; D3S3). In Manikganj, variation in sowing date and spacing showed a limited effect on seed yield, possibly due to environmental constraints and inconsistent plant establishment. As environmental factors varied across locations and years, further multi-season trials are recommended to validate these findings and to formulate precise recommendations for different jute-growing regions in Bangladesh.	Comment by HP: No need of this. 
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